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This focus paper was part of a series presented to the Board of Natural Resources in October and
November 2015 to inforndevelopment of themarbled murrelet longterm conservation strategy
alternatives. The purpose of this paper is to describe hpassibleimpactsto murrelet habitat from
harvesting, edge effects and disturbance activities on DMBnaged landsare assessednd mitigated
acrossconservationalternatives.

A Introduction

The analytical frameworlRe f er t o Appendi woB k fFArpdentifitsaapalr OF r an
threesourcef possibleimpactsto marbled murreletthat may incidentally occur cstate

managed land$arvestrelated impactsedgeinfluencedimpactsand disturbanceelated

impacts.These impacts can lggiantifiedusingrepeatable, objective methods based on sound

scienceBy doing so, thesenpactscan beevaluatedagainsthe minimization andnitigation

proposed under eaeliternativebeingdeveloped for the lontermmarbled murrelet conservation

strategy*

1 As defined in thd997HCP, mitigatiofi ncludes methods to reduce adverse impacts of a project by (1) limiting the
degree or magnitude of the action and its implementation; (2) rectifying the impact by repairing, rehabilititating, or
restoring the affeatd environment; (3) reducing or eliminating the impact over time by preservation and
maintenance operations during the life of the action, or; (4) compensating for the impact by replacing or providing
substituteresources or environments.
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ANALYTICAL FRAMEWORK

A Quantfyinglmpacts andvitigation

Quantifying impacts to marbled murrelet habitat and determining mitigation hinges upon

identifying andassigningvalue to habitatThevalueof habitatis related to its likelihood of use
by murreletsand generally increases witlge and structat complexityof the forest Because

not every acre ofiabitat is of equalalue to the murrelett is important thathevaryingweights

of impactor mitigation provided byach acrarequantifiedappropridely.

Figurel. Conceptuateps inQuantifying Impacts and Mitigation

VYEUE
: adjustments
Quantify based on habitat
Impact quality, edge
effects, and time

Calculate
Mitigation

A HarvesimpactsandMitigation

Harvest impact@cludeactivities such as timber harvest or ramdding thatresult in the

removal ofmarbledmurrelethabitat (acres with-Btage values). These activities primarily occur
in themanaged foresgutsideareas ofong-term forest cove(LTFC) (refer toAppendix G,

ALTFC Focus Pap@). Remowng habitat can result in tHess ofexisting nests and decefuture
reproductive capabilitythereforeimpacing the speciesThe analytical frameworgrovides a
methodology to assebarvesimpactsto potential marbled murrelet habi@ter the life of the
State Trust Lands Habitat Conservation P{@897HCP).

For analysis purposesd framework assumdisat the loss of habitétom harvesin the

managed forest over time will be offset by habitat gains that occur in areas protected by the
conservation strategfachhabitatacre harvested and each acre grown have different habitat
values depending on thel-stage value, thelocation relative to forest edgetistance from

other habitatireasandin which decadé¢hey are harvested develop into habitat

2 Refer toAppendix E‘P-stage Focus Papér
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ANALYTICAL FRAMEWORK

The equationnri Table 1 is simplified. Calculating the value of the halidtat more complex

process that includes tiestage value plusotheract or s i nf |l uewmatueasg a f or est
murrelet habitat. These factors include whether the acres are in an edgercontitre they are

located on the landscape, when the harvest and/or new habitat development occurs, and whether

the habitat is subject to disturbance. These factors are discussed imdbtaitlext section

Tablel. SimplifiedCalculation of Harvest Impacts and Mitigation

Acres Harvested Habitat Value Mitigation AcresNeeded

A Edgelmpacts

A forest edge is an abrupt transition between twe_ .
. _ Figure2. lllustration of Forest Edges

populations of trees, where the characteristics of
the forest on one side are different from the othel
Some edges are naturally occurring, created by | o ter Edge Managed
wetlands streamspr avalanche chuteand others | g-50m forest
are createthrough human activitylimber \
harvestingcan creat@ high contrast edge along th

Inner Edge
bourdary between the harvested aapathe 50-100m
adjacent foested stands. Exposed harnedges
altermicroclimate effectslight, moisturewind,
and temperaturgradient¥ in adjacenstands for
distances of up to 240eters(787 fd) (Chenand Interior Forest
others1993, p. 291, 1995, p. 74). For this analysi (no edge)
we use a distance of 10Ceters(328 ft) to account
for the most significant physical and biological
effects tomurrelet habitat along harvdsbundaries
due to the loss of trees to windthrow, loss of mos
for nesting substrate, reduced canopy cover, alte
forest composition, and increased risk of nest
preddion (Chenand otherd.992, pp. 396891, van
Rooyerand other2011, p. 549Raphaehnd other2002,Malt and Lank 2009, p. 1274For
purposes of analyzing edge effects, we distinguish beteeeuter edge (the first 50 meters
from an edge) and inner egl63100 meters from an edg&efer toFigure 2.

How dd=dgesimpactMurreletHabitat?

Timber harvest edges can influence adjacent murrelet habitat in two ways: through increased risk
of nest predation and habitat degradation resulting from windthrdwnéeroclimate changes.
Edge effectsesulting fromtimberharvesimayincreaseahe risk ofmarbled murrelet nest
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ANALYTICAL FRAMEWORK

predation irhabitatlocatedclose tounnaturakdgeqharvestedgesand major road corridoysA
review of known murrelet nests fouasleragenest success was p&rcentwithin 50 nmeters(164
fed) of a forest edgeand 55percentat distances greater than 5@tersfrom an edge. Most nesst
failed because of predation (f6rcen}, and predation was highefithin 50 netersof an edge
thanwithin the forest interior. No murreleests greater than 15@eters(492 fed) from anedge
failed because of predatiollénley and Nelson 1998JcShaneand other2004, p. 489). Based
on these data from actual murrelet nests, the average nestiegsuate within 50 aetersof an
unnatural edge is §8rcentof nests located greater than 56tersfrom an edge.

Observations at known nestse affirmed in otheresearch

studies that examined the fate of simulated murrelet nests
relative to forest edgand stand structure (Raphaeid
others2002, Malt and LanR009).Simulated murrelet

nests located within 50 eters(164 fed) of high contast

edges created by recent timber hanast2.5 times more

likely to be disturbed by predators relative to nests located in adjacent interior forest (Malt and
Lank 2009, p. 1274 The increased predationriskdss s oci at ed primarily with
(Cyanaocitta stellepi because they are habitat generalists that respond positively to forest
fragmentation and preferentially use forest edges due to the abundance ofiberitects in

young regenerating foreqti¥lalt and Lank 2009, pp. 1283284). Pedaton risk associated with
harvestedges declines over time (20 to 40 years after timber harvest) as young forests regenerate
and become dense, simygiguctured stands with no underst@alt and Lank 2009, p. 1282)

Predator populations are in
highest abundance along forest
edges bordered by newly initiated
stands.

Edge effectalsoincrease windttow and alter microclimate regimdsth of whichimpact

murrelet habitatyan Rooyerand other$2011) analyzel platform abundance, epiphyte growth,
andmicroclimate at forest edgés understand edgefecson murrelehabitat | n Aout er edge
forest @which the authors define ag®50 metersfrom an edge, they fourpdatform abundance

adjacent to regenerating foreat\ h a r d agprbxjneately @o 20 years old) was reduced by

75% in comparison with interior forestiaform abundance dsoft edged (young foresstands

approximately 21 to 49ears old was only 60 percemtf the abundance found in interior forests

Reductions in platfornrabundancatthese variousaged edgewereattributed tahe loss of

3Table 4 invan Rooyerand others2011; authors found a mean of 16.02 + 5.14 platform trees at soft
edges, as opposed to 26.8 + 6.60 platform trees in interior for@&92 divided by 26.8 equals 60%).
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platform-bearing trees from windthrow  Figure3. Edges Change with ForeSticcession
and other mortality sources, and to
microclimatic effectghat diminished Area of Long-term Forest Managed Forest

Cover

epiphytic growth important to
development of potential nesting
platforms.The lesser effects at soft edges
suggests that epiphyteayvth is

recovering from the hard edge impacts ar
is contributing more towards platform
development.

HowFar Into theForestdo e
the EdgeEffectsOccur? Area of Long-term Forest PRy Managed Forest

Cover

Theextent ofinfluence regarding
microclimate and epiphyte effects into
stand interiors has not been wa&tlidied
but evidence frona studyin western
Washingtorand Gregonold-growth
foreststhat looked at 0, 30, 60, 120, 180,
and 240 metersuggestappreciabldéree LLEARE
mortality decreased substantiathgyond '

120 meters from edgéChenand others

1992).Edge effects diminish with

increasing distance from a hard edg&e Area of Long-term Forest o0 0y Eorest
selected 100 meters to represent the suite . Cover

of edge effects (predation, habitat :
degrdation,andwindthrow).
Recognizing that effects diminish with
distancdrom the edgewe assumed that
"inner edge" effects atwlf relative to
those in the outer edge.

HowDoesForestSuccession
InfluenceEdgeEffects?

Studies have shown that forest edge effects diminishtioner as harvest areas regeneeate
develop into maturéoreststandgMatlack 1993, Harpeand other005 cited in Van Rooyen
2012, refer toFigure3). Early stages of stand development following harvest, referred to as
ecosystem initiatiorarecharacterized by actively growing young trees and other herbaceous
vegetation DNR 2007). With thé rapidly growing egetation and increasing foralgase(for
examplejnsects, berries)ecosystem initiation stands pide a wide range of food sourceslan
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ANALYTICAL FRAMEWORK

more opportunities for foraging predatos, particularly Stellr 6 s , ajk@owrspredator of
marbled murrelettMcShaneand others2004).

Over time, thevegetation in thecosystem initiatiostandfill s the available growing space and
the standlevelors into a competitive exclusiostage characterized by more than @ércent
canopy cover angimpler standgtructure Stands in these stageave the lowest biodiversity and
the least favorable conditions for wildlife when compared to all the stawvelopmenstages
(DNR 2007. In compditive exclusion, éwer microhabitats for foragirayeavailable for the
predatos (McShaneand other2004).As predation decreases, howevaigroclimate effects and
windthrow continue to impact adjacent habiigtallowing sunlight and wind into the adjacent
marbled murrelet habitaiVe estimatehat once stands on DNRanaged lands reach a height of
40 feet, they haveeached the beginning stagesompetitive exclusion.

Whenadjacent forests reach &ktin height they are assumed to ameliorate edge effects, for the
purposes of this analydi§lalt and Lank 2009, Van Rooyand other2011). Oncestands
achieveghis heightthe crowns begito overlap withthose of thestand containing murrelet

habitat diminishingthe impacts resulting from altered climatic regimes and windthrow

HowDoes theAnalyticalFrameworlAddressEdgeEffects?

The analytical framewor&djuststhe mitigation value of
habitat located in the edgeslohgterm forest coveto and edge condition (hard, soft, or Ao
account for the edge effects that will impact that habit edge) play a role in determining edge
over the life of thed997HCP. Theadjustmentactors effects.

are based oproximity to habitat (inner or outer edge)

and edge condition (hard, sadtr no edge).

Both edge location (inner or outer)

The analytical framework categorizedge conditions into three groupwrd,soft, andno edge.
Newly initiated stansladjacent to the mature forest containing metrehbitatare consideretb
createfi h aerddgwéhére tha height is40 feet orless(refer toFigure 3and Figure 1 Stands in
competitive exclusion adjacent to a mature forest containing murrelet habitat are corsidered
createfi s o f @ avherdthgeir height is betweerd0and80 feet. Finally, stands with a height
greater thai80feet adjacent to a mature forest containing habitahatreonsideredo befi e d g e
creatingd astheyhawe a diminishedeffect on the adjacent habitimpared to hard gés
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ANALYTICAL FRAMEWORK

Edgeconditions are not static over
time; they changas forests
regeneratelhe relative percentages
of edgeacross DNRmanaged lands
will, however, remain generally
similar throughouthe life of the
1997HCP. This is becausBNR will
continue to manage its forest
consistent with its policies,
continuing the pattern custainable
harvestin portiors of the analysis
areawhile leavingthe LTFCportion
to developmostly without direct
management intervention

Figured. Example of Hard Forest Edge Created by Harve!

HowAre ElgeEffects
Quantified?

There are twadjustment factorare used in the analytical framework to address edge eiffects
one that is applied to outer edge ambther applied to inner edg&’hen applied, thedactors
adjust the value of habitalown reflecting the edge effect.

First, dscounts are applied to habitat in a particular edge condition basedsmiethigfic
informationabout how that condition impacts murrelet nest success. No discounts are assumed
for interior fedgetdts cofna@ridston)i.n a fAno

For forests in the outer ed{iEable 2) these impacts are:

9 Hard,outeredges: predation, microclimate, and windthrow

1 Soft,outeredges: microclimate only.
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Table2. Outer Edge=ffect

ANALYTICAL FRAMEWORK

Forest Inventory Discount Outer Edge Factor
Data-Derived Multiplier
Edge Conditiof
Hard 21% 8% 174
Soft 33% A 132
No-Edge | 46% 0d 0
Sum 31

aPacentages are presented heead in Table &s example. Each alternativeonservation proposal
will have different percentages, due to differences in the amount and configuration of LTFC.

b Van Rooyemnd others(2011) found that platform tee density ahard edges is 25 percenf the
density found in interior forests. McShaaed others(2004) summarized from different sourcéeat
nests at hard edges are 69 percerst successful as nests in interior forests. When combined (.25 x
=.17), an 83% disant results for this edge condition.

¢Microclimate conditions in soft, outer edges result in onlypgdcentof the platform density relative
to interior forests (Van Rooyeand others2011). Therefore, a 40 perceuliscount is applied.

9No edge discous are assumed.

For forests in the inner ed¢€able 3) only microclimate impacts (not predation), are considered,

as follows:

1 Hard,inneredges: microclimate (not predation)

1 Soft,inneredges: microclimate, but at half the intensity as a hard edge.
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Table3. Inner EdgeEffect

Forest Inventory Discount Inner Edge Factor
Data-Derived Multiplier
Edge Condition

Hard 21% X | 418 = |.09

Soft 33% X | .20° = | .07

No-Edge | 46% X | 0°¢ = 1|0
Sum| = | .15

a Only microclimate, not a combination of predation and microclimate, is assumed to be a factor i
inner, hard edges. So half of the discount applied to outer edges (.83/2)

bMicroclimate conditions in soft, inner edges are assumed to be half of thametém edges (.40/2).
°No edge discounts are assumed.

The resulting edge factwarethen multiplied against the number®stage acres in each edge
conditionto derive theotal potential take from edge effedBecause each alternative being
developed for the lonrterm conservation strategy has a different amount oftenyg forest

cover, and in different configuration on the landscape, the resulting calculations and edge factors
differ slightly across the alteatives.

A Disturbancdmpacts

In addition to harvest and edge impacts, forest management activities can impact murrelets by
creatingunfamiliar sights and soundsatmay disturb themThis can be disruptive to murrelets
during their nesting season when they are incubating eggs and caring for their young. The
analytical framework refers to impacts that result from activities that create these audio and visual
stimuli asdisturbance impcts Quantifying disturbance impacts requires a different approach,
because unlike harvest or edge impacts, the vegetation within halitaaltered through

removal or degradation. Instead the environments within habitedraporarilyaltered, withthe
impact ofpossiblyinterrupting the murrelet nesting behavior. In additemmeactivities occur
repeatedly during the nesting period. To quantify potential disturbance impacts, the analytical
framework estimates the magnitude and frequency of @litaes with the potential to disturb
murrelets during the nesting season.

WhatAre Disturbancdmpacts

A disturbance event isconsidered sgnificant whenanactivity causesa murreletto delayor avoid
nestestaldishment, flushaway from anactive nest site, or abat afeeding attemg during
incubation or brooding of nestlings. A flush from a nestsite includes movementout of anactual
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nest,off of the net branch, axd away from a branch of a tree within suitable habitat during the
nestng seaon. Such events areonsideredsignificant becauseheyhave the potential to resut in
reducedreproductionhatching succes, fithess,or suvival of juveniles and adults (USFWS
2012).

WhatActivitiescan Disturb Murrelets?

When evaluating the potential for audiisual disturbance of nesting murreldd\R and
USFWSgroupedactivities intothree categorie$) aircraft 2) groundbased activitiesand?3)
impulsive noisegenerating activitiesuch as blasting and pitiiving. Aircraft activities includes
anyforest management activity that requires the udevefllying, small fixedwing planes and
small helicopterssuch as aerial spraying of herbicide treatmeBtsamples of grountbased
activities includdimber harvest ahhazard tree removal, and road and traiintenance
Activities generatingmpulsive noisenclude blastindo generate rock for forest roads

HowAre DisturbanceEventsEvaluated?

It is very difficulttos epar ately analyze an ani mal s response
alone (Pateand other2009), and most studies have not been designed to adequately control for

those factors separately. As swehevaluate both the audio and visual compoiémotentially

disturbing activities together.

The body of knowledge on bird response to disturbance indicates that human activity can
potentiallyimpact nesting success and can be energetically costly to individual birds. Disturbance
can have effects thughout the nesting season, including the nest establishment, incubation, and
chick rearingohases. Marbled murrelet response to disturbance is variable and appears related to
the developmental stage of the individual bird exposed to stimuli, degrebitfatian existing

prior to exposure, and whether there is a visual component to the stimuli. Murrelets have
responded behaviorally to disturbance in ways that create a reasonable likelihood of injury to the
adult, the chick, or both.

How falFromMurreletHabitatcanActivitiesDisturb Murrelets?

In areview ofbest available information on avian ecology, disturbance, and acoUESIESVS
determined thadignificantdisturbance$o murrelets canccur withn a distance 0100 meters of
suitable habitat throughothe murrelet nestig asonfUSFWS 2013). Exceptions include
blasting, (0.25 mileadiusdisturbance distance), and large aircrift €xamplemilitary jets)
where the distudnce distance is defined by whéne sound exposure ley&8EL) from the
aircraft meets or exceeds 92 dBA-weighted decibels)
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WhatTime ofYear carMurrelets bédisturbed?

TheUSFWS hagpreviouslydetermined that nrreletscan be disturbed during their nesting
seasonwhich occurs between Aprifland September 23176 days out of the yeafhere is
enough overlap in nest establishment, incubatiomastingperiods to assume there is equal
risk of murreletexposureo disturbances occurring throughout tresting seasolfUSFWS
2012b)

How ddvlurreletsRespond torheseDisturbances?

Murrelet responseare expected teary according tehetype ofactivity in combination with the
timing, duration, and frequency of the exposilany forest dwelling birdsiricludingraptors,
golden eaglegndMexican spotted owl®xhibitincreased flush rates due to noi€bicks and
adults are expected to vary in their respof#servations by murrelet researchers in the field
indicate that marrelet chickanay not have aoticeableesponse to noise and visstimulantall,

or may respond by becoming very siijing flat on the brancHebertand other006) As

such, murrelet chickare not expected farematurely leave a nest in response to these types of
noise and visual stimuli. However, adoitrrelets mayabandon or delay nest establishment, or
abort or delay feadgs in response to expae tothese stimuliAdults that aréncubatingan egg
are not g&pected to flush (USFWS 2042

HowDoes theAnalyticalFrameworlEvaluate th&ignificance of
EachActivity?

The1997HCP permits a range of foremanagement Disturbance is quantified by
act|V|t|§s The ana.ly.tl.cal fram(?work relies upon an determining the t
analysis of all activities permitted to occur on DNR response given the duration and
managed land® determine whether ¢y have the intensity of a stressor and converting
frameworkidentifies 36 activities that may cause

disturbanceExamples include:

Recreational site use

Sand and gravel sales

Electronic site maintenance

Road use and maintenance

Collection of western greenShristmas greens, and mushrooms

=A =4 =4 4 A

In order to quantify the potentiahpactsthat result from these activities, thralytical

framework assigns values for the following fifigs that are usetb measure the significance of

the disturbance activitiestressorsduration, and responsBisturbance is quantified by

determining the birdsé | ikely response given t he
converting that information into acre§habitat exposed
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Stressorsarephysical, chemical, or biotighenomenon or a circumstance that constitutes a real
or perceived challenge or threattoanorgai s physi cal health, homeost ac
mechanismsStressorénclude:

1 Groundbased noise (examples: chainsaws that are harvesting trees, renaaandjtrees
from campgrounds, or heavy equipment maintaining roads)

9 Visual disturbance (example: human presence around nest trees, such as someone hiking
around or near a nest tree)

1 Human activity that attracts predatgesxample: campgrounds close tomelet habitat,
because the human activity draws the predators to the habitat)

1 Impulsive noise (example: blasting in rock pits to generate crushed rock for forest roads)

9 Aircraft noise (example: sounds generated by helicopters and small planes)

Duration represents the length of time an activity is present within close proximity of murrelet
habitat.Duration measurdsow longthe habitatvould it be exposed to that activitjpuration
categories include:

1 <1day

1 <7 days

1 >7 days and 80 days
1 >30days

Responseg e pr e s e nt s pdsdibkbelavioral reattienttadvarious auditory and/or visual
disturbances. Responses include:

No significant response

Aborted feedings

Adults flushing

Mortality or loss of productivityfom removal of nest tree
Mortality from predation

Hearing damage

=A =4 =4 -4 4 =9

HowDoes theAnalyticalFrameworkEvaluateDisturbance?

Once each activity is assigned stressor, duration and response the activities are allocated into six
groups based on similar combinations of these three cate@efiestoTable 4). For each group,

the analytical frameworkstimates the tot&labitatareawithin the appropriate distance bands of

each activity {00 meters of each groudsecandsmallaircraftactivity and %2 mile for

blasting and then adjusts the acreage for habitat quality, time of year that the activity occurs, and
then by the total years remaining in t@97HCP.
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Table4. Activity Groups by Stressor, Distance, Duration, and Response

Disruption
Group Assignment Stressor Distance Duration  Response/Impact
Group 1 Groundbased <100 1 <1Day No significant response
. : Noise and Visual based on duration; minimal
(includesgreen collecting, . .
. . Disturbance to no impacts
precommercial thinning, non
motorized trail use, minor road
maintenance)
Group 2 Groundbased <100 1 <7Day Abortedfeedings, Adults
(includesfirewood collection, Nplse and Visual flushing; potential
) . Disturbance harassment
road reconstruction, major
road and trail maintenance,
communications facilities)
Group 3 Groundbased <100 1 <1Month | Increased predation risk,
Noise and Visual Aborted feedings, Adults
(campground use and . o ”
. Disturbance flushing; potential harrh
maintenance)
Predator
Attraction
Group 4 Groundbased <100 1 >7Days | Aborted feedings, Adults
(includestimber harvest, Nplse and Visual < 1 Month flushing; potential
. ) Disturbance harassment
motorized trail use, new road
and bridge construction)
Group 5 Groundbased <. 25 1 >7Days | Hearingdamage from blast
(sand and gravel extraction el ST <1 Month noise (within 100my,
. 9 ' | Disturbance Aborted feedings, Adults
blasting) o ’
flushing; potentiaharm or
harassment
Group 6 Aircraft Noise <100 1 <7Days | Aborted feedings, Adults
(aerial herbicide application) flushing; potential
harassment

1Harass is defined as an act which creates the likelihood of injury to wildlife by annoying it to such an extent as to
significantly impair normal behaviors, including breeding, feedingheltering(50 CFR 17.3)

2Harm is defined as act which actually kills or injuédlife, and can include habitat modifitian that significantly
impairs essential behaviors such as breeding, feeding, or sheltering (50 CFR 17.3)

When estimatingossilte responses of the marbled murrelet to human activity, it is important to
note that empirical data are lacking for the range of activities represented it Tahldies
evaluating the effects of noise on various animals frequently use different nstdasiten fail

to report which metrics they use, makisgmparisongnd interpretation difficult-or the

purpose®f this analysisye do not expect thathorttermexposures ttow intensitystimuli that
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lastless tharl day will adversehaffectmarbled murrelets. However, any reduction in feedings
has the potential to physiologically effect a murrelet chielpending on how many feedings are
received in one day, and presumably, the energy content of the food that is delivered. Further,
abortedor delayed feedingsave the potential to increase energy demands and predation risk on
adult murrelets. Conversely, when weighing these rigksnust also consider that many of these
short duration activities are intermittent and low intensity (e.g. noosh pickers walking

through a stand of suitable habitat) and pose little risk. After considering these faeterxpect

that exposure of juvenile and adult murrelets to theseantensityactivities when lasting <1 day
are not expected to result in aseireable effectand are therefore insignificant.

AdjustingDisturbancdmpacts foHabitatArea,Quality, andTime

Usi ng GG&Nd&Rdahedata, including annual activity reports and summatiesanalytical
framework identifieghefootprint of each activitywithin each groupas it occurs on DNR
managedands within the range of the murrelet. Using a distdnger with a width equivalent
to the area of disturbance around the footprint, the framesworkthe totalarea ofP-stage
habitatfor each activityThese totals are then summed for egrciup

The analytical framewor&nly quantifies disturbance for the habitat located within LTFC. This is
becausave assume thditabitat located outside of LTR@ll be removedover time therefore the
expected disturbance impacts in managed areas are accounted for in the harvest impact estimates
The Rstage areage isnultiplied by the proportion of DNRnanagedands within LTFC to

reflect the habitat acres disturbed within LTFC by egrchup

As with edge effects, the effects of disturbance vary based au#ti¢y of habitat (Pstage
value). Therefore, in evaluating disturbance take, acres of disturbed habitat are multiplied by their
P-stage value.Refer toAttachment 1 for an example of how thisrks.)

The magnitude aofisturbancempacts aralsoinfluencedtiming; by whenthey occur in a

particular year antow ofterthroughout the year. Téisbecause activiigssthatdisturb marbled
murrelets impact their reproductive activities, such as nest incubation, caring for young, which
only occurduring the nesting seasdrhis analysis is limited to the time period of therrelet
nesting season, when impacts to reproduaie@most likely to result.

Timing isconsidered itwo dimensions: the time of year (i.earbled murrelet nesting season or
not; and if so, how many days) atie duration of the activity during the week (i@casional
versuseveryday occurrence, ar5day workweek occurrence)

To factor time adjustmenigto the estimate of disturbance impabe framework multiplies the
weightedhabitat acres ibhTFC by the number of days the activities within each grougrlaps

with the nesting seasomhenumber of days the activities eapwith the nesting season is
influenced byhow often an activity occurs during the week. For example, road maintenance on
DNR landsis expected tonly occur 5 days a week, whereas campground use may occur on
weekdays bpweekends throughout the summehneTesult is aadjusted number of acres
potentially affected by disturbance activities during the nesting season.
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Some of hese habitat acredll bedisturbed repeatedlyver the life of thetl997HCP. To

account for his, the framework takethe timeadjusted weightetlabitatacres and mitiplies

themby the years remaining in ti®97HCP 62 years, for a final amount of statewide time

adjusted acres ¢F-stage habitat in LTFC disturbed during the nesting season. This final acreage
calculation is an est i manpatAodxanlblédtbosvthgset ent i al di
adjustments work is provided as Attachment 1.

A Wherewll MtigationOccur?

DNROs conser vat i offongtern ferdstecavetl TG te groviderbetta s
minimization and mitigation for the types of impacts descrifrediously* Areas ofLTFC are
established to meet a variety of conservation objegtingswithin the murrelet conservation
strategy they serve three major purposes:

9 Toconserve most marbled murrelet habitat on BiN&aged forest lands;

1 To minimize overall impacts to that habitat and increase its qualitychydingadditional
contiguousareato increase the area of interior forest habitat;

1 To mitigate impacts from activities in the managed forest by allowing new and higher quality
murrelet habitat to develop through time.

Similar to how impacts are adjusted for edge conditions and attters, adjustments must be

made to thenitigationvalue of habitat grown over the life of th&97HCP. Mtigation provided

by LTFC can be expressed as the number of acres of marbled murrelet habitat grown within those

areas through the end of the97H C P . Mi tigation value is determine
habitat acreso f r BafertéFfgud5.urhedotahaardsioftBimge habitar e s . 0

located inside and out of areas of leegm forest cover varies acrosmeservation alternatives,

depending on what is included LTFC (size of the conservation areas, occupied site buffer widths,

and other landscape components). For each alternative, this habitat can be quantifiédr Taotad 0

acres of habitat with-Btagevale s ar e esti mated using DNR6s inven:
lands. The totafi r aaerés within each-Btage category (.25, .36, .47, .62, .89, 1.0) are then

multiplied by their respective values. Theawa c r e s ar e weightedhearbtid datt eacfir es, 0
which incorporates habitat quantity andafity, including edge effect&to one unit. All of the

totals are summed, producing the total Acurrent

4RefertoAppendi x -tGer mLPmmgest Cover Focus Paper .’
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Figureb. CalculatindVitigation in Areas ofLong-Term Forest Cover

Total acres in areas :
of longrterm forest Total acres in areas

cover of longterm forest

X cover

P-stage x X

adjustment factors P-s_tage X

(edge, disturbance, adjustment factors
location, and time) -

Year: 2067 Year: HCP Amendment Date
Future habitat acres - Current habitat acres

= Acres of &ential Mitigation

Whentheacresof habitatare multiplied bytheir respective Btage valuand other adjustment
factors the total acres in that categdhat can be used as mitigatiisreduced, according to
guality. For example, if 100,000 acres of LTFC only hasstd®e value 0.25, thisvslued as
25,000 acrefor purposes of calculating mitigation

Not allHabitatls Considered foMitigation

An interim drategyfor marbled murrelet conservation has been opeyaiincehe 1997HCP

was adoptedThis strategy included protections for occupied sitesarldssifiechabitat(refer

toAppendi x D, AOccupi edieffestription ofRte intersm stPategye r , 0 f or @
USFWS issued an incidental take permit for i mpac
managed forest lands over this time period, and DNR has complied with that permit. Habitat has

also been growing and developing for the murrelet during this time. Howevenitigation

credit will be given for thainterim habitat developmertecause this analysis starts with current

conditions The analytical framework is forwatdo o k i n g . I t becgriemygeari n fiDecad
until 2025) and focuses on potentialimpaects d mi t i gati on occurring out t
Habitat is expected to increase within areas of-temgn foresicover through that time period.

In addition, the analytical framework does not give credibtest standsvithin LTFC that do
nothave aP-stage value; stands that are too yotmgount toward total acres of habitat.€Eb
standgamay still have conservation value for the murreleteducing fragmentation

Marbled Murrelet Longlerm Conservation Strated®EIS
Appendix H Page HL6



ANALYTICAL FRAMEWORK

AdjustingMtigationValuesfor Time

Adjustments to the mitigation value of habiaé necessary to accommodate edge and

disturbance effects, as descrilpdviously However, a different kind of adjustment is needed to
address another modifier of habitat quality: titdabitat that exists today currently provides

nesting opportunitie® murrelets and is therefore more valuable than habitat that will be
developed further into the future (as forests matiiran impact to that habitat happens today,

the offsetting mitigation (the same value of habitat becoming available to the murrelet) may not
happen for several years. The analytical framework takes this into account by adjusting the value
of mitigation though time, which is expressed by decade to the end aBHEHCP.

Thedecadal adjustmefféctor is based on how much habitat develops in a particular decade, as
well as which decade that habiiatealized For example, the total habitat that develiopeng-

term forest covefrom the present into the first decade receives full mitigation deditfset

harvest in the managed forest within that first decall®f the acres are counted. However, the
total habitat that develops between the first sexbnd decades receive only 80% of the total
credit. This is because the habitat that grows during this decade will contribute to murrelet
conservation for less time, four out of the five total decades (4/5 = 80%). Growth occurring
between the second artdrt! decades receives 60% credit (three out of five decades of growth),
and so forth through to the end of t@97HCP. Refer toTable6)

Table6. Adjusting Future Habitat in Mitigation Value. Numbers are for illustration purposes only. They
are not arepresentation of DNRmanaged lands

Difference Between Decade Adjustment Acres of Mitigation

Decades Habitat Acres Decades Factor Credit
0 1000
1 2000 1000 1.00 1000
2 3000 1000 0.80 800
3 4000 1000 0.60 600
4 5000 1000 0.40 400
5 6000 1000 0.20 200

Total Mitigation Credit: 3000
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AdjustingMitigationValues Based orLocation

Across the analysis area, some | anrdamsmablees are | e
murrelet conservation due to a lack of suitable habitat, isolation from known occupied sites, and
low-capability for developing future habitat based on forgsts. An example of a marginal

landscape for marbled murrelets is the Capitol Forest, located in the South Puget Planning Unit.
The Capitol Forest is a large landscape that encompassegharf5,000 acres of DNR

managed lands, but currently contaiekatively little murrelet nesting habitat (< 2,000 acres).

DNR conducted marbled murrelet surveysnate tham50 survey stations located within the

Capitol Forest. Murrelet presence was detected at only one survey station, and no murrelet
occupancy behaors were detected during any of the surveys. The Capitol Forest has been
intensively managed for timber production for many decades, and is comprised of forest
dominated by secongrowth Dougladir plantations which have a low capability to develop into
murrelet habitat during the life of ti®97HCP. Due to the limited and fragmented nature of
potential nesting habitat in this landscape, and no known occupied murrelet sites, we consider the
Capitol Forest to be a marginal landscape for murrelet caatsamny

To define marginal murrelet landscapes we considered multiple factors:

proximity to known occupied sites (within a distance of 5 km from known occupied) sites
results of marbled murrelet survey information,

proximity to murrelet critical hiitat on £deral lands,

current habitat distribution, and

capability for developing future habitat.

= =4 =4 -4 4

Our delineation of marginal murrelet landscapes inclmd@® thar224,000 acres dNR-

managed lands located primarily in the Puget Trough lowlaods tine Kitsap Peninsula south to
the Columbia Rive(refer toFigure6). These landscapes currently contain low amounts of
murrelet habitafabouttwo percent) in small scattered patches, are located further than 5 km from
any known occupied murrelet sites, and have a relativelxépacity for developing future

habitat within the life of th&@997HCP.

5 The 5 km proximity distance is derived from research in southern Oregon and northern California that found that

murrelets are less likely to occupy habitat if it is isolated (> 5 km) from other nestingletar(Meyerand others
2002).

Marbled Murrelet Longrerm Conservation Strated@PEIS
Appendix H Page HL8



ANALYTICAL FRAMEWORK

Figure6. Map of Marginal Landscapes féfiurrelet Conservation

Legend
ﬂl-ﬂr—l_mu_l.-u:q--_hm_:ms
B MAMU_ Ooccspency_Detectoss_2004
B MAML Presance Detecioss J014
) sssis_ccocpind_sinan_tim Bustnn
-mnﬂ_l_-u-_-nhmu_hg_ma

- Fadersl Larcs

WDMNR HCP landg within the marginal murrelet landscape are
approximately 224 668 acres, representing about 16 percent of the
WDHNR lands within the range of the mumelet in WA.
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Calculatingrake anawvitigation inMarginalLandscapes

In the marginal murrelet landscap@ge reduce all Btage habitat valueyy5 percentln other
words, Pstage habitat acres are given 25 percent oPttage habitat valu®r the purposes of
calculating take and mitigation. In this way, we still account for potential take of murrelets
associated with any habitat loss that may occur in these landscapes. We think the potential for
take of murrelets in these areas is very,lbut recognize that murrelet occupancy in these areas
is not entirely discountable because they are located within the range of the species in
Washington. Likewise, we apply mitigation credit for habitat conserved in areas dtlomg

forest cover, buttaa reduced rate relagvto other areas within the DNRRanagedands that are
more likely to contribute to lonterm murrelet conservation.

A Putting it alTogetherTake andvitigation

Calculating the extent and intensity of potential impacts thraoluglife of the1997HCP, and
ensuring thaa longtermconservation strategy minimizes and mitigates these impacts, is
complex. The alternativieng-termstrategies being developed provide a range of approaches to
how and where habitat is conserved. Big analytical framework ensures that the same metrics
to calculate take and mitigation will be evaluate everglternativein an environmental impact
statementThat way, comparisons can be made among the alternatives to determine how well
they work tominimize and mitigate impacts.
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Attachmernit

Calculating the Mitigation for
Disturbance

A Example: Campgrour@perations

Potential stressors from the use and
management of campgrounds are greund
based noise and visual disturbance. These
occur during the 176 day nesting season,
every day of the week. Thahart on the
following pagewalks through the calculations
for determining the total acres impacted by
this disturbance activity through the life of t
1997HCP. The first step is using GIS to
identify the potential acres of campground
disturbed habitat (Figure 1); DNR conducteg
this analysis for all its campgrounds in the
analysis area. After the GIS analysis, a seri¢
of calculations are made to determine the
number of impacted acres in LTFC that mus
be mitigated for this activity. The numbers provided are for illustration only.

Figurel. Footprint, Buffer, and Fstage Habitat for
One Campground, in Blue Shading; For lllustratio
Purposes Only
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|l denti fy i mpacted habi

Acresof P-stage habitat in X Average-Btage value acros:
campgrounds, plus 100m buffe DNR lands

305 .34

A 4

Determine proportion of i

= Acres impacted (weighted)
104

104 acres X .51 (51% of DNR lands in LTI =53 acres

A 4

Adjust for ti me

Number of impacted X Nesting season/ X Number of activity day = Impacted acres during
acres number of camp days out of a week nesting season
53 176/176 77 53

Cal cul ate over the | i fe

53impacted campground acres during
annual nesting season

=2,756time-adjusted acres of Btage habitat

X 52years disturbed by campground activities
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Attachment 2

Roads as Edges

A How ddorestRoadsIimpactMurreletHabitat?

Forest roads associated with timber harvests act as edges, which in turn affect the success of

murrelet nests as discussed earlier in this paper. There is little information about the specific

intensity of the edge effect that forest roads alone have drledamurrelet nests. Some studies

using artificial nests near logging roads did not show an increased predation effect (Yahner and

Mahan 1997; Otega and Caplan 2002), but these studies were not conducted feneatingy

birds in Pacific Northwest forés In astudy from British Columbia using artificial murrelet nests

near clearcuts, roads and other forest edges indicated increased corvid abundance and potential

predation near artificial edges (Burgaxdothera 004) . St el | er 6fundimys i n par
greater abundance at edges created by roads and clearings (Masselink 200 Briglurtgesrs

2004; Vigallon and Marzluff 2005). Roads constructed close to or within murrelet habitat are
assumed to attract St el fioe(Masslink 2001 Asdiscossedr i nt o t
previously predation impacts have been found to be greatest withime&tysof a forest edge.

Forest roadsitially act as hard edges, and soften over time as they transition back to forest.
Many roads are not beiragtively used, but are a relic of a previous management activity. As
roads transition back into forest over the course of several decades, they have corresponding
changes in the intensity of their edge effects. There is no accurate method for detemaictiyg e
where and how many new forest roads may be needed to access timber harvest sites through
2067. For purposes of analyzing how roads impact the habitat, it is assumed that the current
density of DNR forest roads will remain stable through the liftn@1997HCP. In other words,
roads will be abandoned and new roads built, but the overall density will remain unchanged.

A Howls the RoadEdgeEffectCalculate@

The analytical framework adjusts the value of habitat located within 50 meters of adatkgi

reflect potential increases in predation effects. The reduction in habitat value assumed attributable

to roads can then be added to the other edge effect factors discussed in this paper. The level of a
roadoés i mpact , an dhetedgeeffectf deperas dn iere théireadd s loaated o f t
relative to habitat. For example, a road located within an outer, hard edge created by a timber

harvest has a concomitant edge effect with that of the harvest area. The road brings no additional
predation impacts. But a road bisecting an inner edge is assumed to contribute a portion of the
predation edge effect (which for inner, hard edge forests is a 31% reduction in nest success;
McShaneand other2004). DNR applied a road edge effect factor throughout the landscape as

15.5% (half of 31%) to reflect these variations.
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This road edge effect only applies to a small portion of the analysis area. DNR conducted a
spatial analysis to identify how muaharbled murrelet habitat is located within 56tersof

active roads. Roads located more tham®g@ersfrom an interior forest were not counted as an
edge. Approximately 4.8% of habitat was estimated to be subject to a road edge effect. The
number of acre of habitat in different edge conditions, adjusted by other edge factors, can be
multiplied by 4.8%, and then multiplied by the road edge factor of 15.5% to determine the road
edge effect across the analysis area.

Percent of habitat Acres of habitat in each
in interior, or inner- edge condition, adjusted by Acres of
edgeLTFGssumed other edge factors (varies Road edge factor _ habitat
to be within 50 m of X depending on the X (15.5%) = Impacted by
a road (4.8%) conservation alternative) roads

The acres of road edgmpacted habitaéireadded to the total acres that are impacted by harvest
and other edge factors. This methodology assumes that as new roads are built, older roads are
abandoned, and new habitat grows, keeping the road edge efisidtent through the end of the
1997HCP. Overall, the portion of the overall impacts from harvest and edges that are attributable
to road edges alone is very small. However, this factor is incorporated into the analytical
framework and reflected in therinulas used to determine how much mitigation is needed to

offset potential impacts from forest management.
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